There is increasing evidence that polymorphisms of the adenosine 5 0 triphosphate membrane transporters ABCB1 (P-glycoprotein, MDR1) may affect expression and function, whereas less information is available about the impact of ABCC2 (multidrug resistance-associated protein (MRP2)) single-nucleotide polymorphisms . Particularly, their role in human kidney for drug elimination and in the etiology of renal cell carcinoma is poorly understood. ABCB1 and ABCC2 mRNA and protein expression levels were determined by real-time polymerase chain reaction or immunohistochemistry in kidney cancer and adjacent unaffected cortex tissue of 82 nephrectomized renal cell cancer (RCC) patients (63 clear-cell RCC (CCRCC), 19 non-CCRCC). The DNA of all patients was genotyped for ABCB1 À2352G4A, À692T4C, 2677G4T/A (Ala893Ser/Thr), and 3435C4T, and ABCC2 À24C4T, 1249G4A (Val417Ile) and 3972C4T. ABCB1 and ABCC2 were less expressed in CCRCC than in normal cortex on mRNA as well as on protein level. Although the overall genotype frequency distribution did not differ between the patients and a matched control group, ABCB1 2677T/ A and 3435T genotypes were associated with higher (P ¼ 0.02 and P ¼ 0.04) and ABCC2 À24 T with lower mRNA levels in normal tissues (0.03). The expression of ABCB1 and ABCC2 was not related to genetic variants in RCC tissue. In a reporter gene assay in HepG2 cells, the ABCC2 À24T construct showed an 18.7% reduced activity (P ¼ 0.003). In conclusion, ABCB1 and ABCC2 genotypes modulate the expression in the unaffected renal cortex of RCC patients, possibly contributing to inter-individual differences in drug and xenobiotics elimination. Their role in RCC cancer susceptibility or chemotherapy resistance needs further elucidation.
Introduction
The adenosine 5 0 triphosphate-binding cassette transmembrane proteins Pglycoprotein (P-gp, MDR1) and multidrug resistance-associated protein (MRP2) are expressed at certain compartment barriers like liver, small intestine, placenta and the blood-brain barrier, [1] [2] [3] [4] where they play an important role in absorption, distribution and excretion. 5 In the human kidney, these transporters are expressed in the apical luminal membrane of epithelial proximal tubules cells, 6, 7 where they actively excrete various substances and their organic anion conjugates. P-gp and MRP2 play a relevant role for detoxification, thus protecting tubule cells against potential carcinogens, but are also believed to contribute to chemotherapy resistance. 8, 9 P-gp is encoded by the ABCB1 (multidrug resistance protein 1 (MDR1)) gene, localized on chromosome 7q21, and MRP2 by the ABCC2 gene, localized on chromosome 10q23-24. Both genes exhibit various genetic polymorphisms. There was a significant correlation of the C3435T polymorphism in exon 26 of the ABCB1 gene with lower intestinal P-gp expression levels and elevated oral bioavailability of digoxin. 10 The differences were more evident considering haplotypes of 2677G4T and 3435C4T. 11, 12 Very recently, it was shown that the 3435C4T polymorphism may influence mRNA stability. 13 The influence of ABCB1 polymorphisms on expression and function in kidney tissue was examined in a Japanese sample, showing no influence on mRNA expression in normal kidney cortex as well as in renal cell carcinoma (RCC) tissue, 14 whereas in a German sample, a strong association of ABCB1 3435C4T to the risk of non-clear-cell renal cell carcinoma (non-CCRCC) was described. 15 To our knowledge, there is no data available on the significance of ABCC2 variants to MRP2 expression or function in normal renal tissue or in renal cancer.
Kidney cancers contribute to 2% of all malignant tumors and 85% occur as RCCs in adults. These neoplasms originate mostly from mutant epithelial proximal tubule cells, rarely from collecting duct cells and are characterized by lack of early warning signs and relatively strong resistance against radiotherapy and chemotherapy. 16 RCCs may be histologically subdivided into two groups: CCRCC, having a prevalence of 75-85%, and non-CCRCC that consist of chromophilic (papillary) (12-14%), chromophobic (5%), oncocytic (2-4%) and collecting duct (Bellini's duct) (1%) tumors. 17 Environmental factors like smoking and occupational exposure to industrial chemicals are also considered to be involved in the development of RCC. [18] [19] [20] Hence, the question arises, whether differences of detoxification processes like metabolizing enzymes and membrane transporters may contribute to inter-individually varying disease risk.
In this study, we determined the distribution of major ABCB1 and ABCC2 hereditary polymorphisms, including the recently described ABCB1 À2352G4A and À692T4C polymorphisms and the protein and mRNA expression of these membrane transporters in the normal kidney cortex and adjacent cancerous tissue obtained from 82 Caucasian RCC patients. Additionally, we investigated the functional significance of the ABCC2 À24C4T polymorphism using a reporter gene assay.
Materials and methods

Subjects
Eighty-two RCC patients with a mean age of 61.8 years (45 men, 37 women) of the Department of Urology, University Hospital Greifswald were enrolled. Patients were German Whites from North-East Germany. Seventeen patients were current smokers. Five underwent treatment with cytostatics 6 months before nephrectomy. After independent histological observation, the tumor tissues were classified into 63 CCRCC and 19 non-CCRCC, subdivided in chromophilic (papillary) (n ¼ 7), mixed (n ¼ 11) and chromophobic types (n ¼ 1). Thirty-five tumors were assigned to tumor node metastasis stage I, 29 stage II, six stage III and nine stage IV. For comparison of the genotype distribution, subjects were matched 1:2 by gender to 164 controls (90 men and 74 women), being healthy Caucasian volunteers with a mean age of 26 years from the Department of Clinical Pharmacology, University of Greifswald. Cancerous and adjacent noncancerous tissue of each patient and blood samples of controls were genotyped for the ABCB1 polymorphisms À2352G4A, À692T4C, 2677G4T/A (Ala893Ser/Thr), 3435C4T (silent), and for À24C4T, 1249G4A (Val417Ile) and 3972C4T (silent) in the ABCC2 gene.
DNA/RNA isolation
Venous blood was obtained from 164 controls and DNA was extracted using a QIAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany). DNA from all 82 kidney cancer patients was isolated from homogenized frozen cancerous and adjacent non-cancerous tissues of kidney cortex using DNeasy Tissue Kit (Qiagen). RNA could be prepared from 79 non-cancerous and 71 cancerous (54 CCRCC and 17 non-CCRCC) tissues by RNeasy Tissue Kit (Qiagen).
Genotyping
ABCB1 polymorphisms 2677G4T/A and 3435C4T genotyping was conducted by polymerase chain reaction/restriction fragment length polymorphism (PCR/RFLP) according to Cascorbi et al. 21 Moreover, the recently described ABCB1 À2352G4A and À692T4C polymorphisms 22 were genotyped under same conditions with the following polymerase chain reaction (PCR) profile: 35 cycles of 941C 30 s, 601C 30 s and 721C 30 s (primers and restriction enzymes are given in Table 1 ). DNA amplifications for ABCC2 fragments were performed under similar conditions for each reaction with 5 pmol of specific primers (TIB Molbiol, Berlin, Germany), 1.0 mmol/l of desoxyribonucleoside triphosphate (Biozym, Hessisch Oldendorf, Germany), 2.5 mmol/l MgCl 2 (3972 C4T, 2.0 mmol/l), 1 ml dimethyl sulfoxide 99.9% (SigmaAldrich, Steinheim, Germany) (À24C4T, 3972C4T) and 0.75 U of Taq DNA polymerase (Invitrogen, Karlsruhe, Germany) in a total volume of 25 ml. The initial denaturation was performed for 2 min at 941C (C3972T: 5 min), followed by 35 cycles of 30 s at 941C, 30 s at 541C (À24C4T), 601C (1249G4A), or 571C (3972C4T), and 30 s at 721C. All PCR amplifications were carried out using a GeneAmp 9700 thermocycler (Applied Biosystems, Darmstadt, Germany). DNA fragments generated after restriction enzyme digestion (New England Biolabs, Frankfurt/Main, Germany) were separated on a 2.5% agarose gel (AppliChem, Darmstadt, Germany) and visualized after ethidium bromide staining by a digital image station (Kodak, Stuttgart, Germany). Correctness of genotyping was confirmed by DNA sequencing for all genotypes investigating two cases of each. Moreover, 10 randomly selected DNA samples of RCC patients and 20 of controls were blindly repeated by PCR/RFLP achieving identical results, respectively. ABCB1 and ABCC2 mRNA quantification ABCB1 and ABCC2 mRNA expression was determined by real-time PCR using TaqMan technology (ABI Prism 7700 SDS, Applied Biosystems) as described recently. 23, 24 Primers and fluorescent probes for cDNA quantification are listed in Table 1 .
In order to select the most suitable reference gene, we quantified 18S ribosomal RNA (rRNA), b-actin and RPLP0 (ribosomal protein, large, P0) in 14 cancerous and adjacent non-cancerous tissue samples. After analysis using the GeNorm version 3.2c program, 25 18S rRNA was identified as the most constitutively expressed internal standard gene in these non-cancerous and cancerous tissues. Every experiment was conducted in duplicate.
P-gp and MRP2 immunohistochemistry
Immunohistochemistry was carried out in cancerous and adjacent non-cancerous paraffin-embedded kidney cortex tissue sections (2 mm) of 23 patients, with the exception of one subject, where only tumorous tissue was available. Renal P-pg and MRP2 were stained with the monoclonal antibodies JSB-1 (Alexis, Gruenberg, Germany) and MRP2 III-6 (Alexis, Gruenberg, Germany) with the labeled streptavidinbiotin detection method.
Prepared slides were deparaffinized, rehydrated and steamed for 5 min in sodium citrate buffer (pH 7). After a 5-min incubation in 3% H 2 O 2 , samples were blocked for 10 min with avidin and biotin (Avidin-Biotin-Blocking-Kit SP-2001, Linaris, Wertheim-Bettigen, Germany) and for 30 min in 3% horse serum (Linaris). Samples were incubated overnight with P-gp (JSB-1 1:50) and MRP2 (MRP2 III-6 1:20) primary antibodies and subsequently for 30 min with horse anti-mouse antibody (rat adsorbed, 1:100, Linaris). From each section, five digital pictures were made randomly at different places (3CCD color camera, Hitachi HV-C20M; Tokyo, Japan or Nikon Eclipse 400, Nikon, Düsseldorf, Germany) (magnification, Â 200) ( Figure 1 ). Optical density was measured using a KS400 imaging system (V3.0; Zeiss, München, Germany). The ratios of protein-specific pixels to total pixels of background were multiplied by the intensity of the specific signal. Values are given as means of five different regions of each tissue. Staining and evaluation were carried out in a blinded manner in one run with identical staff, equipment and chemicals. Polymorphic expression of ABCB1 and ABCC2 in kidney cancer S Haenisch et al start of the firefly luciferase gene. Correctness of plasmids was verified by control sequencing using the sequence primers 5 0 -CTA GCA AAA TAG GCT GTC CC (RV3) and 5 0 -ATC TTC CAG CGG ATA GAA TGG (GL2plus).
Cloning of reporter gene vector constructs
Cell culture and transient transfection
Human hepatoblastoma HepG2 cells (DSMZ, Braunschweig, Germany) were cultured in Eagle's minimal essential medium (MEM) with Earle's salts with L-glutamine spiked with 10% fetal bovine serum, 1% essential amino acids, 1% pyruvate (PAA Laboratories, Cölbe, Germany) and 1% penicillin/streptomycin (Gibco Invitrogen, Karlsruhe, Germany), at 371C in a 5% CO 2 atmosphere. Cells were transfected by using Lipofectamine 2000 (Invitrogen, Groningen, the Netherlands) according to the manufacturer's recommendations. Four hours after transfection, the medium was changed.
Reporter gene assay HepG2 cells were plated on 96-well plates, 5000 cells/well, in 100 ml medium. Reporter plasmids pGL3-ABCC2-C or pGL3-ABCC2-T (0.1 mg/well) containing the firefly luciferase reporter gene and 0.02 mg/well of the phRL-TK plasmid (Promega), containing the renilla luciferase reporter gene under the control of the herpes simplex virus thymidine kinase promoter as an internal control, were co-transfected. Additional transfections of pGL3basic vector or pGL3control vector (Promega), both also co-transfected with phRL-TK, were used as negative and positive control, respectively. The activities of both firefly and renilla luciferases were determined 24 h after transfection with the Dual-Luciferase Reporter Assay System (Promega). The luciferase activities were normalized to the renilla luciferase activity of the internal control. Samples were analyzed by Veritas Software and Veritas microplate luminometer (Tuner Biosystems, Sunnyvale, CA, USA). We conducted three experiments with identical conditions. In each experiment, each transfection was carried out eight times.
Statistical analysis
Kruskal-Wallis test and Mann-Whitney U-test (multiple comparisons) were performed to test mRNA and protein expression differences dependent on genotype or histology using computer software SPSS (version 12.0) and Statcalc (version 6) for calculation of odds ratios, respectively. A Pvalue below 0.05 was considered to be significant and calculated as two-sided significance. Haplotype analysis was performed by using the EH program. 26 Adjustment of multiple testing was performed by Bonferroni-Holm method.
Results
Expression of membrane transporters
The expression of both membrane transporters, ABCB1 (MDR1) and ABCC2 (MRP2), was significantly lower in cancerous tissues compared to normal cortex tissues on immunohistochemically determined protein level (P-gp: Po0.001; MRP2: Po0.001). This was also evident on mRNA level standardized to ribosomal 18S rRNA for ABCB1 (P ¼ 0.026), and with a tendency for ABCC2 (P ¼ 0.056). However, the ABCB1 mRNA/18S rRNA median values in normal tissue were higher than in CCRCC (2.2 Â 10 À3 vs 1.0 Â 10 À3 , P ¼ 0.017). A P-value of 0.016 was considered to be significant after adjustment for multiple testing. On the other hand, there was no difference compared to non-CCRCC (P ¼ 0.51) (Figure 2a) . The P-gp content in the 19 CCRCC samples was 70 times lower compared to normal cortex tissue (Po0.001), but there was no difference between the four non-CCRCC samples and the normal tissue samples (P ¼ 0.62) (Figure 2b ).
In contrast, there was no difference on ABCC2 mRNA level between CCRCC and tumor-free adjacent tissue (P ¼ 0.282), but a 1.55-fold lower ABCC2 mRNA concentration in the 17 non-CCRCC samples (P ¼ 0.009) (Figure 2c ). The MRP2 protein levels were significantly lower in CCRCC samples and non-CCRCC compared to the normal tissue, Po0.001 and P ¼ 0.002, respectively (Figure 2d ).
ABCB1 and ABCC2 mRNA expression in non-cancerous tissue differed significantly dependent on the tumor stage. Tumor stages I and IV exhibited higher relative mRNA levels than stages II and III (ABCB1: P ¼ 0.049 and ABCC2: P ¼ 0.004, respectively, Kruskal-Wallis test), but these findings did not reach significance on protein level. Smoking and chemotherapy did not influence the expression of ABCB1 and ABCC2 in this study.
However
Distribution of genetic polymorphisms
The genotype distribution of all polymorphisms investigated was in Hardy-Weinberg equilibrium. The ABCB1 À2352G4A and À692T4A polymorphisms in the promoter region had an allele frequency of 0.6 and 2.0% in patients, and 0.9 and 3.0% in controls, respectively. The allelic frequency of the putatively functional relevant exon 26 3435C4T polymorphism was 53.7% in controls, 60.3% in CCRCC (P ¼ 0.20) and 47.4% in non-CCRCC (P ¼ 0.46). The odds ratio of genotypes 3435 TT/CT vs CC in all cancer cases vs controls was 1.30 (95% CI 0.64-2.69; P ¼ 0.44) ( Table 2) .
Considering both, ABCB1 2677G4T/A and 3435C4T, we could identify four haplotypes in patients and six haplotypes in controls (Table 3 ). Owing to the low frequency of À2352A and À692C, we did not include these singlenucleotide polymorphisms (SNPs) into haplotype calculation. ABCB1 haplotypes H1 (wild-type 2677G/3435C), H2 (2677G/3435T) and H4 (2677T/3435T) represented 98.2% of all haplotypes in patients and 91.8% in controls. Comparison of haplotype frequencies showed a slight difference between patients and controls for ABCB1 (w 2 ¼ 11.63, P ¼ 0.04), but not for ABCC2 (w 2 ¼ 6.98, P ¼ 0.128). Interestingly, we could not find any ABCB1 H3 haplotype in RCC patients. In RCC cases, these three ABCB1 haplotypes occurred in six diplotypes: H1/H1 15.8%, H1/H2 18.3%, H1/H4 29.3%, H4/H4 18.3%, H2/H4 13.4% and H2/H2 1.2%. In contrast, the estimation model did not enable exact allocation of defined diplotypes to every control subject, as some heterozygous genotypes could resolve from different combinations of the six haplotypes estimated in the volunteers.
Analyzing the ABCC2 SNPs À24C4T, 1249G4A (Val417Ile) and 3972C4T, a lower frequency of the 1249A variant, coding for isoleucin, was found in clear-cell carcinomas (15.1 vs 22.2%), however without reaching statistical significance (P ¼ 0.09). Interestingly, no homozygote 1249A carrier was found in RCC patients (Table 2) .
Haplotype analysis resulted in four ABCC2 haplotypes in patients and six haplotypes in controls (Table 3) . ABCC2 haplotypes H1, H3, H5 and H6 formed nine diplotypes in patients: H1/H1 23.2%, H1/H3 18.3%, H1/H5 12.2%, H1/H6 15.9%, H3/H5 9.8%, H3/H6 4.9%, H5/H5 1.2%, H5/H6 6.1% and H6/H6 8.5%. In controls, owing to the diversity of haplotypes, definite diplotypes could not be assigned to using this estimation model.
Impact of polymorphisms on transporter expression
There was a clear correlation between ABCB1 polymorphisms 2677G4T/A and 3435C4T with mRNA expression in the non-cancerous kidney cortex tissue (P ¼ 0.02 and P ¼ 0.04, respectively, Kruskal-Wallis test). For example, samples carrying at least one 2677T/A allele showed higher mRNA expression levels than samples homozygous for 2677G (data not shown). Tissue samples homozygote for 3435C exhibited 1.8-fold lower ABCB1 mRNA/18S rRNA ratios than heterozygotes or 4.2-fold lower ratios than homozygote 3435T carriers (Figure 3a) . Considering haplotypes of G2677T/A and C3435T, the 15 samples with the variant diplotype H4/H4 exhibited higher ABCB1 mRNA/ 18S rRNA ratios than H1/H1. The difference, however, was statistically not significant (P ¼ 0.134), but there were increased mRNA expression levels among ABCB1 H1/H4 (P ¼ 0.044) and ABCB1 H2/H4 (P ¼ 0.01) (Mann-Whitney Polymorphic expression of ABCB1 and ABCC2 in kidney cancer S Haenisch et al U-test) (Figure 4a ). The changes of P-gp protein staining were without any statistical significance (P ¼ 0.46) (Figure 4b) . In contrast to the data in normal renal tissue, there were no genotypes or diplotype-related differences of mRNA expression in both types of RCC (CCRCC and non-CCRCC) tissues (data not shown).
On protein level, we observed no significant association of ABCB1 variants with P-gp expression neither in noncancerous nor in cancerous tissues.
In normal cortex tissues, ABCC2 SNP À24C4T, but not 1249G4A and 3972C4T, correlated significantly with mRNA levels. Homozygote À24C allele carriers had 1.94 and 1.43 times higher median ABCC2 mRNA/18S rRNA ratios than heterozygotes and homozygotes À24T samples (P ¼ 0.03 Kruskal-Wallis test) (Figure 3b ). This association could not be proven in CCRCC and non-CCRCC tissues (data not shown). There was also no correlation between ABCC2 SNPs and protein expression in all tissue samples investigated. Considering diplotypes, only ABCC2 H1/H1 had a tendency to express higher mRNA levels than homozygote carriers of ABCC2 H6 in non-tumorous tissue (P ¼ 0.053).
In vitro investigation of functional significance of ABCC2 À24C4T
To investigate the functional influence of the À24C4T SNP in ABCC2, we created two reporter gene vector constructs pGL3-ABCC2-C and pGL3-ABCC2-T. Both constructs showed a significant increase of luciferase activity compared to the negative control vector pGL3 basic. The pGL3-ABCC2-T provided a relative mean luciferase activity of 81.3% (720.0% s.d.) as compared to pGL3-ABCC2-C (100%) (P ¼ 0.003).
Discussion
In this study, we examined the expression of the ABC membrane transporters ABCB1 (P-gp, MDR1) and ABCC2 (MRP2), the genotype frequency distribution of major polymorphisms and their association to mRNA and protein expression in kidney cortex tissue of nephrectomized RCC patients.
Interestingly, the median ABCB1 mRNA and protein expression differed between healthy and cancer tissue, with lower levels among RCC tissue. These results are in line with the finding of Uwai et al., 14 who reported a similar difference 
Twelve square w 2 test was conducted to compare differences between haplotype frequencies of RCC and controls.
Polymorphic expression of ABCB1 and ABCC2 in kidney cancer S Haenisch et al in Japanese RCC tissue. However, splitting the data for the different histological subtypes, it became obvious that this difference was only owing to clear-cell carcinomas, but not for non-CCRCC tissue. There is some evidence that xenobiotics may interfere with signaling pathway involved in the activation of P-gp and MRP2 [27] [28] [29] or lead to an elevated expression via PXR-transactivating elements. 27, 30 However, the lower ABCB1 expression of CCRCC tissue or ABCC2 in non-CCRCC could be also the consequence of altered gene regulation or low cell differentiation and not necessarily causative in the genesis of cancer. 31, 32 In contrast, in both RCC subtypes a significantly decreased MRP2 protein expression was observed as demonstrated before, particularly for clear-cell carcinoma with less differentiation status. 7 However, this was not confirmed on mRNA level. These data suggest that P-gp and MRP2 are less expressed in tumor tissues than in healthy kidney tissue, but CCRCC and non-CCRCC differ by expression of P-gp expression. Cytogenetic characterization of RCCs demonstrated chromosomal aberrations such as trisomy 7 in chromophilic carcinomas. 33 As the ABCB1 gene is localized on chromosome 7, it may be speculated whether chromosomal aberrations could contribute to higher expression rates in non-CCRCC tissues compared to CCRCC.
The genotype of DNA from cancer tissue was identical with the genotype identified from normal tissue, indicating absence of novel mutations in the tumor. Moreover, our data did not indicate differences of allele or genotype frequencies between RCC patients and a control group of healthy volunteers, but the overall ABCB1 haplotype frequency differed between RCC and controls. However, this study was not designed and had no statistical power to investigate the association of ABCB1 and ABCC2 SNPs to renal cancer, but was intended to examine the influence of SNPs on transporter expression. Therefore, these data do not necessarily contradict the findings on an association of ABCB1 3435C4T and cancer risk that was obtained in a large sample of German non-CCRCC patients. 15 Moreover, a limitation of our study was the fact that controls were not matched by age; however, the frequency distribution of the entire sample (extended of a previously published sample 34 ) was identical to another large German sample of healthy volunteers. 21 There was a clear gene-dose effect on ABCB1 mRNA expression in non-cancerous tissues, but not in the tumor itself. We found a significant trend of elevated mRNA expression among carriers of the variant genotype 2677T/A (P ¼ 0.02) and 3435T (P ¼ 0.04). A similar tendency was observed before in myocardial tissue 35 and in the intestine of Japanese subjects. 36 Overall ratios from mRNA/18S rRNA did not correlate with protein content neither in noncancerous nor in cancerous tissue. However, translation efficiency and membrane trafficking is not necessarily proportional to mRNA transcription efficiency 37 and the estimated half-time of P-gp is reportedly 3.7 days, 38 but the mRNA stability was shown to be much shorter. 13 As a consequence, based on our findings, we can conclude that ABCB1 2677G4T/A, 3435C4T and ABCC2 À24C4T influence the overall mRNA content in non-cancerous kidney tissue, but we could not detect an alteration of immunohistologically determined protein expression. However, the current data on the functional impact of ABCB1 polymorphisms is partly conflicting. A number of studies have found an association of higher P-gp activity with the 3435 C-variant, 10, 39, 40 and very recently, a higher mRNA stability of the 3435C variant was reported, 13 whereas some others showed lack of evidence or a weak association. 34, 41 The allelic frequencies of ABCB1 promoter polymorphisms À2352A and À692C were much lower in our samples than in a Japanese population 22 and did not contribute to expression variability.
There are several studies showing that consideration of particular ABCB1 haplotypes may improve the approach to explain the inter-individual variability of digoxin bioavailability.
11 2677G4T/A and 3435C4T are known to be in linkage disequilibrium, 21, 42 and in our study, 2677T was always linked with 3435T. The variant diplotype H4/H4 (homozygous 2677T/3435T) showed 4.1-fold elevated mRNA levels as compared to H1/H1 in non-cancerous tissue. As 2677G/3435T was earlier shown to be associated with elevated bioavailability of digoxin, suggesting impaired P-gp function, 11 our data suggest that the regulation of ABCB1 expression may be different in renal cortex tissue or is altered owing to factors derived from adjacent cancer tissue.
The genotype distribution ABCC2 SNPs investigated was identical in normal cortex tissue and in RCC samples and there was no evidence for an association to disease risk. The earlier described ABCC2 SNPs, namely 2302C4T (Arg768Trp), 2366C4T (Ser789Phe) and 4348G4A (Ala1450Thr), 43 could not be found in our Caucasian volunteers (data not shown). À24C4T and 3972C4T were in strong linkage disequilibrium (100% in patients and 92.5% in controls) as described before for a Japanese sample. 44 Interestingly, carriers homozygous for À24T exhibited 1.4 times lower median mRNA/ 18S rRNA ratios in non-cancerous cortex tissue than À24CC carriers (P ¼ 0.03). Moreover, subjects, homozygous for the haplotype À24T/3972T, exhibited a tendency of decreased ABCC2 mRNA expression than homozygote À24C/3972C carriers (P ¼ 0.053). The reporter gene assay in vitro data confirmed the in vivo finding, although the difference was less pronounced. Currently, however, the mechanism how the 24C4T exchange in the 5 0 -UTR of ABCC2 affects mRNA expression remains open. Possibly, the SNP could affect mRNA stability, as we could show previously for the endothelin gene. 45 On the other hand, transcription efficiency could be altered by differential binding affinity of potential transcription factors. Although the promoter region of rat ABCC2 was thoroughly characterized, showing the importance of Y-box protein-1, binding 186 bp before translation start, 46 the role of the human proximal ABCC2 5 0 -UTR for transcription efficacy remains to be elucidated. A limitation of our study was the fact that we were not able to study the physiological expression of transporters in kidney tissue of healthy individuals. Therefore, it remains open whether our findings in unaffected cortex tissue really reflect physiological conditions, or whether the expression might be influenced by the adjacent tumor. In general, RCC is considered to be highly resistant toward cytostatics therapy and P-gp and MRP2 overexpression was shown to be a cause of chemoresistance in several cell lines. 8, 9 In conclusion, ABCB1 (P-gp, MDR1) and ABCC2 (MRP2) were less expressed in tumor tissues than in non-cancerous adjacent renal cortex tissues on mRNA as well as on protein level. However, CCRCC and non-CCRCC tissues seem to differ not only histologically, but also non-CCRCC showed a significantly higher expression of P-gp as compared to CCRCC. It is unclear, however, whether the decreased function of P-gp is the cause or consequence of tumor development. 47 Although there was no evidence of an association between genotypes and cancer risk, we could show in the sample of 82 RCCs that ABCB1 genotypes correlated with ABCB1 mRNA expression and ABCC2 -24C4T was associated with decreasing ABCC2 mRNA expression in non-cancerous renal cortex tissue, which could be confirmed by in vitro experiments. Further studies are required to elucidate whether there is a difference in cancer susceptibility or response to chemotherapy dependent on genotypes, especially with lower transporter expression.
Duality of Interest
No duality of interest. 
